Abstract. A biodosimeter based on thermal-induced elastic shear wave (TIESW) in silicone acellular porcine dermis (SAPD) at thermal steady state has been proposed and demonstrated. A square slab SAPD treated with ionizing radiation was tested. The SAPD becomes a continuous homogeneous and isotropic viscoelastic medium due to the generation of randomly coiled collagen fibers formed from their bundle-like structure in the dermis. A harmonic TIESW then propagates on the surface of the SAPD as measured by a nanometerscaled strain-stress response under thermal equilibrium conditions at room temperature. TIESW oscillation frequency was noninvasively measured in real time by monitoring the transverse displacement of the TIESW on the SAPD surface. Because the elastic shear modulus is highly sensitive to absorbed doses of ionizing radiation, this proposed biodosimeter can become a highly sensitive and noninvasive method for quantitatively determining tissue-absorbed dosage in terms of TIESW's oscillation frequency. Detection sensitivity at 1 cGy and dynamic ranges covering 1 to 40 cGy and 80 to 500 cGy were demonstrated.
Measurement of tissue-radiation dosage using a thermal steady-state elastic shear wave 1 
Introduction
A chromosome dosimeter is based on scoring dicentrics and ring chromosomes in human blood lymphocytes. It is the most widely distributed and reliable biological technique in radiological protection and is used to estimate individual whole-body doses of about 100 mGy of low-linear energy transfer radiation. 1 However, this approach is limited in its detection accuracy during observation. In conventional high-speed optical threedimensional (3-D) dosimetry, it records two-dimensional (2-D) projections of optical absorption data, and a 3-D absorbed dose distribution is derived. 2 An optical 3-D dosimeter follows the principles of conventional x-ray computed tomography in which a polymer gel phantom is introduced for measurement of absorbed doses. A large optical penetration depth in the polymer gel phantom is applicable. Experimentally, collagen fibers in a dermis are highly sensitive to ionizing radiation. Even at low absorbed doses, this type of radiation causes randomly coiled collagen fibers to be formed from their normal bundle-like structure. [3] [4] [5] This causes the dermis to become a continuous homogeneous and isotropic viscoelastic medium. As a result, the tissue-absorbed dose can be determined by the change of dermal birefringence properties. 6, 7 Similarly, a biodosimeter for measuring tissue-absorbed doses in terms of dermal viscoelastic properties is also anticipated. To measure the dynamic response of the complex shear modulus, a method using an atomic force microscope coupled with force modulation produced by a sinusoidal driving piezoelectric transducer has been proposed. It will be capable of properly characterizing the viscoelastic properties of a Langmuir-Blodgett film. 8 In addition, a modified torsion pendulum in which the relative change of sample length at an order of 10 −7 has been established, and the dynamic mechanical properties of polyvinyl acetate on complex shear modulus within the glass transition temperature was studied. 9 Recently, optical coherence elastography (OCE) for Young's modulus generated by static or dynamic specimen loading during the course of the measurement has been proposed. 10 In this study, a biodosimeter that would measure the tissue-absorbed dose in terms of porcine dermis elastic properties under thermodynamic equilibrium conditions at room temperature has been proposed. Because porcine dermis is morphologically and physiologically similar to human dermis, a silicone acellular porcine dermis (SAPD) 11 was chosen, and a noninvasive biodosimeter based on the measurement of nanoscale elastic properties of SAPD has been established. At present, methods for estimating the damage of skin-ionizing radiation in radiation therapy are focused on tissue slices or cell cultures. 12 A noninvasive and quantitative evaluation method on tissue-radiation damage was required and has been developed. This type of method is critical to ensure that cancer patients receive optimized treatment during radiation therapy. To expose an SAPD to ionizing radiation, it results in a continuous, isotropic and homogeneous SAPD. The viscoelastic characterization of SAPD undergoes a nanoscale strain-stress response under thermal equilibrium condition at room temperature and the SAPD's elastic properties are only considered. 9, 13, 14 As a result, the elastic property of SAPD induced by ionizing radiation is equivalent to a simple harmonic oscillator under free external driving force conditions. 13, 15 The elastic shear modulus of the SAPD can then be measured via a thermal-induced elastic shear wave (TIESW) generated in the SAPD by a two-frequency polarized heterodyne interferometer (TFPHI). The absorbed dose of ionizing radiation can be noninvasively and quantitatively evaluated in terms of the elastic shear modulus. This is in contrast to the complex shear modulus in viscoelastic media generated via complex shear wave propagation under an external driving force in which both elastic and viscous properties of the complex shear waves are considered concurrently. 16 In this study, TFPHI was used to investigate the elastic shear modulus of an SAPD in terms of the oscillation frequency of a TIESW at room temperature. The transverse displacement of the TIESW on the surface of a square SAPD was measured in real time. Experimentally, a linear relationship between the absorbed dose and the oscillation frequency of TIESW was found. A detection sensitivity at 1 cGy over a wide dynamic range covering 1 to 40 cGy and 80 to 500 cGy of the absorbed dose was demonstrated.
Thermal-Induced Elastic Shear Waves in Viscoelastic Media
Theoretically, a TIESW is generated in an isotropic and homogeneous viscoelastic medium at room temperature under steady-state thermal equilibrium conditions. 16, 17 The wave equation for a TIESW and its speed of propagation are expressed by 16 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 1 ; 6 3 ; 4 2 0
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 2 ; 6 3 ;
in which v s the velocity of a TIESW in the viscoelastic medium, M is the energy stored component in a complex shear wave or elastic shear modulus, ρ is the mass density of the medium, and μ s is the transverse displacement of the TIESW propagating along the x direction [ Fig. 1(a) ]. The displacement of μ s in the y direction is expressed by μ y ðx; tÞ ¼ c cosðωt − kxÞ, where k is the wave number of the TIESW and c is a constant. Accordingly, the TIESW corresponds to a simple harmonic oscillator without an external driving force. When a square slab of an isotropic and homogeneous viscoelastic medium [ Fig. 1(b) ] is considered, a standing TIESW is produced on the surface of the specimen by two counterpropagating TIESWs along the x axis. Hence, the transverse displacement of the TIESW in the y direction is expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 3 ; 3 2 6 ; 7 1 9 μ y ðx; tÞ ¼ c cosðk x x − ω x tÞ þ c cosðk x x þ ω x tÞ ¼ 2c cosðk x xÞ cosðω x tÞ:
Meanwhile, the second standing TIESW simultaneously propagating along the z axis also yields the transverse displacement in the y direction, which is expressed by E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 4 ; 3 2 6 ; 6 3 6 μ y ðz; tÞ ¼ c cosðk z z − ω z tÞ þ c cosðk z z þ ω z tÞ ¼ 2c cosðk z zÞ cosðω z tÞ;
where (k x ; ω x ) and (k z ; ω z ) were the wave number and angular frequency of the TIESWs along the x and z directions, respectively. Therefore, the total transverse displacement in the y direction by two orthogonal standing TIESWs under an inphase condition becomes E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 5 ; 3 2 6 ; 5 3 0
in which the oscillation frequency is ω x ¼ ω z ¼ ω 0 . Both standing TIESWs are assumed to be at the lowest mode number in which the width of the square slab is equal to L. Thus, the total displacement in the y direction at a location (x 0 ¼ z 0 ) at the center of surface becomes E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 6 ; 3 2 6 ; 4 1 3
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 7 ; 3 2 6 ; 3 6 9
As a result, the oscillation frequency of a standing TIESW on the surface is linearly dependent on M 1∕2 of the elastic shear modulus and inversely proportional to ρ 1∕2 of the mass density of the specimen.
3 Two-Frequency Polarized Heterodyne Interferometer Figure 2 shows the setup of a TFPHI in which a two-frequency stabilized He-Ne laser was used. The output was a pair of highly spatial and temporally correlated linearly polarized P and S light Journal of Biomedical Optics 085001-2 August 2017 • Vol. 22 (8) waves at ω p and ω s in temporal frequency, respectively. A slight difference in temporal frequencies between ω p and ω s was introduced in the laser beam. Initially, the P and S light waves were oriented along the x and y axes of the laboratory coordinates, respectively, via the use of a half-wave plate. Then, the laser beam was divided into two beams. One beam was the reference beam, and the other was the signal beam. The reference beam (P 1 and S 1 ) passed through an analyzer (A r ) with an azimuth angle set at φ r , and a heterodyne signal I r generated by photodetector D r E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 8 ; 6 3 ; 4 1 6 I r ¼ I P 1 þS 1 ðΔωtÞ
in which DC 1 is the noninterference term and Δω ¼ jω p − ω s j was the beat frequency of the signal. The signal beam was simultaneously decomposed into P 2 and S 2 polarizations laser beams in a Michelson interferometer. The P 2 wave was called the tested beam, and the S 2 wave was called the second reference beam. Each beam passed a quarter wave plate with an azimuth angle adjusted 45 deg relative to the x axis. The test and second reference beams were then recombined using a polarized beam splitter. Meanwhile, an analyzer A s of its azimuth angle at 45 deg was positioned in the optical path before photodetector D s . The heterodyne signal I s from the Michelson interferometer was generated and expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 9 ; 6 3 ; 2 3 3
in which DC 2 is the noninterference term. In Eqs. (8) and (9), ðI P 1 ; I S 1 Þ were the intensities of the P 1 and S 1 waves in the reference beam, respectively, and ðI P 2 ; I S 2 Þ were the intensities of the P 2 and S 2 waves in the signal beam, respectively. Δϕ A ¼ ϕ P 1 − ϕ S 1 was the phase difference between the P 1 and S 1 waves; Δϕ B ¼ ϕ P 2 − ϕ S 2 was the phase difference between the P 2 and S 2 waves. The azimuth angle φ r of the analyzer in the reference beam was adjusted until the condition of equal intensity of two heterodyne signals in Eqs. (8) and (9) was satisfied sinð2φ r Þ ffiffiffiffiffiffiffiffiffiffiffi ffi
In addition, the DC terms in Eqs. (8) and (9) were filtered out with a band pass filter.
Two heterodyne signals were subtracted from each other using a differential amplifier (DA) and the output intensity from DA was calculated [18] [19] [20] as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 0 ; 3 2 6 ; 4 9 3
in which γ was the gain of DA and Δϕ ¼ ðΔϕ A − Δϕ B Þ was the phase difference between the two heterodyne signals. It can clearly be seen that I out (Δωt) belongs to an amplitudemodulated (AM) signal whose amplitude was proportional to j sinð Δϕ 2 Þj. Because of common-path propagation of P 1 and S 1 waves, Δϕ equaled the phase difference between P 2 and S 2 in the signal channel of the Michelson interferometer. Hence, a small transverse displacement of the test surface relative to the reference point on a plane mirror (Fig. 2) was measured in real time by monitoring the amplitude profile of the received AM signal from DA.
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 1 ; 3 2 6 ; 3 0 7
Δϕ ¼ 2 sin
Thus, the transverse displacement of a TIESW on the surface of a specimen was expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 2 ; 3 2 6 ; 2 4 0
in which λ is the wavelength of the laser beam.
Sample Preparation
In the experiment, a square slab SAPD with a 25-mm width and 0.5-mm thickness was prepared (shown in Fig. 3 ). In this study, SAPD was provided by the Department of Plastic and Reconstructive Surgery at Tri-Service General Hospital, Taipei, Taiwan. The protocol for preparing the SAPD was described by Wang et al. 11 using several steps: (1) a whole piece of porcine skin was harvested and preserved in a −70°C deep freezer; (2) a 10/1000-inch thick porcine skin was harvested to remove the epidermis, and then a 12/1000-inch porcine dermis was harvested again; (3) the porcine dermis was treated with 1% trypsin for 1 h at ambient temperature (25°C) to remove cellular material other than porcine dermal collagen to manufacture acellular porcine dermis (APD); and (4) after the APD was dried, a piece of a 6-8/ 1000 inch silicone sheet (MDX-4210 A/B Dow Corning) was cross-linked by heat to bind to the surface of the APD to become the test SAPD. Conventionally, the SAPD was packed in a sealed plastic bag with 75% ethyl alcohol mixed with glycerol (v/v 9:1) and preserved in a 4°C refrigerator for future use.
Experimental Results

Stability of Differential-Phase Measurements of a Two-Frequency Polarized Heterodyne Interferometer
Two fixed-plane mirrors were positioned in the P 2 and S 2 waves in the TFPHI in which a two-frequency linearly polarized He-Ne 5517 laser head (Agilent Technologies) was used. The wavelength and beat frequency were 632.8 nm and 1.8 MHz, respectively. The output signal from the DA was sent into a lock-in amplifier for a system differential-phase stability test. A difference phase at 0.3 deg was attained within 10 min of the measurement (see Fig. 4 ). According to Eq. (12), depth resolution of the transverse displacement at 0.3 nm and the dynamic range at 150 nm were calculated.
Elastic Shear Modulus and the Oscillation Frequency of Thermal-Induced Elastic Shear Waves
In this experiment, a disk of homogeneous and isotropic gelatin with a 2-cm diameter and 2.5-cm thickness was used. Figure 5 shows the measured harmonic oscillation of the transverse displacement of the TIESW located at the center of a gelatin surface using TFPHI. According to the properties of the TIESW, only the elastic shear modulus M is considered in a continuous, isotropic, and homogeneous SAPD which has been exposed to ionizing radiation at room temperature. Experimentally, this is true for two reasons: (1) the nanometer size of collagen fibers in dermis 21 and (2) spatial average of the spot size of the focused laser beam on the SAPD using a microscopic objective of 0.65 numerical aperture (NA) in this setup for transverse displacement measurement. Because M strongly correlates with the mechanical properties of porcine dermis, the elastic shear modulus of SAPD is changed in the presence of ionizing radiation due to an interaction of collagen fibers in porcine dermis with highenergy photons. Even at very low absorbed doses, the photons induce randomly coiled collagen fibers in the dermis. This is in contrast to the damage-producing mechanism that affects the chemical bound in collagen fibers at high absorbed doses. 12, 22 Nevertheless, both arrangements result in an equivalent, continuous, homogeneous, and isotropic porcine dermis. Hence, the wave TIESW profile and its transverse displacement oscillation frequency on the sample surface become highly sensitive to the absorbed dose. Quantitatively, the chosen SAPD test sample was a living porcine dermis, which was suitable for noninvasive absorbed dose measurements in terms of measured TIESW harmonic oscillation frequency according to Eq. (7). In addition, we sought to monitor the changes in the TIESW wave profile from an irregular one at zero-absorbed dose under anisotropic and inhomogeneous conditions, which was then converted to a harmonic oscillation after radiation exposure. This can be a highly sensitive method for determining the absorbed dose at low absorbed doses (1 cGy). Experimentally, the SAPD of living porcine dermis at low absorbed doses undergoes nonpermanent damage, and the collagen fibers are able to return to their normal stage automatically as determined by observing the changes in the TIESW profile over time. After receiving a high absorbed dose, the porcine dermis is permanently damaged. The collagen fibers are not able to return to the normal stage, and the (8) harmonic wave profile of the measured TIESW is constant. Nevertheless, the temperature effect was ignored in this study since there is no heat absorption during ionizing radiation. In Fig. 2 , a microscopic objective (40×, NA ¼ 0.65) was used to focus the P 2 wave onto the surface of the SAPD for transverse displacement measurements in real time. At first, a normal and nondenatured square SAPD (without being exposed in ionizing radiation) was tested at room temperature (26°C). As expected, an irregular TIESW wave profile was observed as shown in Fig. 6 . This is due to the inhomogeneous and anisotropic properties in the SAPD. Next, the same SAPD sample was exposed to ionizing radiation at an absorbed dose of 1 cGy of 2% uncertainty from a Cobalt-60 Tele-therapy Unit (AECL Co-60 Eldorado 78, CAN) located in the Department of Biomedical Imaging and Radiological Sciences, National Yang Ming University, Taipei, Taiwan. To precisely produce a 1-cGy absorbed dose in the SAPD, a square bolus of 5-mm thick was positioned underneath the test SAPD. To keep the SAPD in living condition, it was moistened using saline solution in a thin plastic container during the measurements. The gantry and test SAPD were established following the geometry of an inverted incidence ionizing radiation beam as shown in Fig. 7 . The bolus was placed underneath the SAPD in this setup to maximize the absorbed dose by the SAPD. This arrangement assured that the absorbed dose was 1 cGy in the SAPD according to the cobalt-60 depth-dose calculation. 12 Finally, the TIESW was measured 20 min after the SAPD had been exposed to the ionizing radiation. A harmonic TIESW oscillation is clearly shown in Fig. 8(a) . This was due to a continuous, homogeneous, and isotropic SAPD produced by the 1-cGy ionizing radiation. However, the same SAPD was measured 60 min after exposure to the ionizing radiation. A conversion from a harmonic oscillation into an irregular profile was observed as shown in Fig. 8(b) . These results indicate that the collagen fiber in the SAPD was able to recover its normal stage at an absorbed dose of 1 cGy. This implies that there was no permanent damage in the SAPD's collagen fibers at low absorbed doses.
Furthermore, we measured TIESW oscillation frequencies in a set of SAPD specimens with 25-mm width and 0.5-mm thickness, which were prepared under different absorbed doses using a 6MV accelerator (Varian 1800C; Varian Medical Systems) in the Department of Oncology of the Taipei Veteran General Hospital Taipei, Taiwan. The linear relationship between the given absorbed doses at 1, 5, 10, 20, and 40 cGy at 1.5% uncertainty and their TIESW oscillation frequencies is shown in Fig. 9 . A correlation of R 2 ¼ 0.916 was achieved. The detection sensitivity in this measurement was 1 cGy. At the low absorbed dose, porcine dermis becomes a homogeneous, isotropic, and continuous medium due to randomly coiled collagen fiber conversion in the dermis. The covalent bonds in the collagen fiber are not seriously damaged because of the small cross section of the dermis and the high-energy photon interaction during ionizing radiation. Concurrently, randomly coiled collagen fibers result in decreased mass density in the dermis. This is why the oscillation frequency increased in the low absorbed dose range in Fig. 9 . In addition, the second set of SAPDs with the same size and thickness was tested in a high absorbed dose range using the 6MV accelerator. Figure 10 shows the linear relationship between the measured TIESW oscillation frequency and the absorbed doses at 80, 100, 150, 200, 250, 300, 400, and 500 cGy in which the absorbed dosage uncertainty was 1.5%. The correlation was R 2 ¼ 0.894. This result agrees well with previously published results concerning gelatin, which was rigidly degraded in the presence of ionizing gamma radiation at 20 MGy. 23 The reason for the linear negative slope response in the highly absorbed dose range compared with the positive slope linear response obtained in low absorbed dose range appears to be due to severe damage of collagen fibers in the dermis in which the chemical bonds were broken during radiation exposure. This lowers the elastic shear modulus of the dermis while the SAPD mass density remains the same as shown in the low absorbed homogeneous and isotropic dose. Quantitatively, the results of the SAPD's oscillation frequency in the 1 to 40 cGy dose range are influenced by mass density, whereas the elastic shear modulus is influenced in the 80 to 500 cGy region. In addition, the SAPD would be unable to recover back to its normal condition if the damage was produced at a highly absorbed dose and is then permanent damaged. Figure 11 shows the evidence of the measured TIESW profile 24 h after the specimen had been exposed to radiation at a high absorbed dose. From these results, we predicted that all SAPD specimens in the 1 to 40 cGy absorbed dose range in Fig. 9 would be capable of recovering to their normal stages since no severe damage to their elastic shear modulus occurred. All SAPD specimens lost the capability to recover back to their normal stages in the 80 to 500 cGy absorbed dose range due to severe and permanent damage of the elastic shear modulus generated in the collagen fibers. We also established one-dimensional (1-D) absorbed dose distribution measurements as shown in Fig. 12 . Five different absorbed doses at different locations in the SAPD were established using a 6MV linear accelerator. To avoid the source penumbra effect, the specimen was separated into five areas and exposed to the different doses listed in Fig. 12(a) . 12, 24 In the measurement, the SAPD was separately exposed over five different regions following sequential exposures at 20, 40, and 60 cGy. Figure 12 (b) presents the corresponding 1-D dose distribution in the SAPD in terms of the TIESW oscillation frequency. The consistency between the designed absorbed dose in Fig. 12(a) and the measured absorbed dose in Fig. 12(b) is clearly shown. This result indicates the possibility that a 1-D or even 2-D dose distribution can be obtained by the TIESW method, which is especially useful in treatment planning for cancer patients undergoing radiotherapy. 25 
Discussion and Conclusions
Porcine dermis is very sensitive to ionizing radiation, which makes it possible not only to induce continuation, homogeneity, and isotropy in the dermis but also to change its elastic shear modulus due to interactions with high-energy photons. When detection with a microscopic objective (NA ¼ 0.65) at micrometer lateral resolution for transverse displacement TIESW measurements in this experiment was done, the assumption of a continuous, isotropic, and homogeneous viscoelastic medium of SAPD becomes applicable due to the spatial average in the spot size area of the focused laser beam. A harmonic TIESW can then be generated on the surface of the SAPD at room temperature under thermal equilibrium conditions. Because no heat absorption is produced during ionizing radiation, the TIESW oscillation frequency at room temperature is only dependent on the absorbed dose. Our experiment showed that the oscillation frequency of a TIESW became linearly dependent on the absorbed dose over a widely absorbed dose range. Qualitatively, the detection sensitivity at 1 cGy was demonstrated by directly monitoring the TIESW harmonic profile conversion from its irregular shape under zero-absorbed dose at normal stage. Quantitatively, the linear dependence of the absorbed dose and oscillation frequency of the TIESW was clearly observed and measured at both the 1 to 40 cGy and 80 to 500 cGy dose ranges. The spatial resolution of the TFPHI in the micrometer range does not influence the elastic shear modulus detection due to the transverse displacement measurement of TIESW at nanometer detection sensitivity. Meanwhile, the capability to convert the SAPD from inhomogeneous and anisotropic in its normal stage to homogeneous and isotropic at low absorbed doses provides a very sensitive method to judge radiation exposure during the very early stages. The detection sensitivity at 1 cGy in this method is 10-fold higher for detection sensitivity than the conventional biodosimeter at 100 mGy based on chromosome aberration analysis and optical 3-D dosimeter. 1, 2, 26 Moreover, by directly monitoring the change in the TIESW profile in real time, it is capable of measuring the transit stage of the dermis during ionizing radiation. In addition, from the positive or negative slope of linear dependence between the absorbed dose and the oscillation frequency of the TIESW in these experiments, it was possible to predict the recovery abilities of a living porcine dermis treated with ionizing radiation. In this study, measuring tissue-absorbed dose in terms of elastic shear modulus using TFPHI was motivated by optical interferometry features with (1) noninvasive and (2) high detection sensitivity. The findings that dermal collagen fibers are highly sensitive to ionizing radiation that induce morphological changes at low absorbed dose and changes in elastic shear modulus of the collagen fibers at high absorbed dose are also integral steps in this method. They can be used for retrospective radiation dose assessment in radiation biodosimetry due to the correlation between the elastic shear modulus and the accumulated absorbed dose. Moreover, this setup using the SAPD can also improve the efficiency of clinical treatment in radiotherapy for the evaluation of skin radiation damage ex vivo. It appears to be able to prevent destructive and permanent skin damage during treatment. Furthermore, to compare the proposed method with the conventional high-speed optical 3-D dosimetry 2 using polymer gels for absorbed dose measurement, 2-D projections of optical absorption data in a polymer gel phantom were used. In addition, the measurement speed in this setup relies on the speed of propagation of TIESW on the interface. Experimentally, it took several minutes before we were able to determine the oscillation frequency of TIESW in each measurement. This is not comparable to the conventional high-speed optical 3-D dosimetry used in radiotherapy. In this study, we demonstrated single-point and 1-D measurements rather than 2-D or 3-D distribution of the absorbed dose measurement. Nevertheless, this technique can be extended into 2-D dose distribution if an x-y scanner is used in the TFPHI for TIESW measurements. Meanwhile, 3-D dose distribution in a specimen might be anticipated if a low coherence laser diode is used in TFPHI due to the localization ability in a low coherence volume in the specimen and the TIESW is assumed to exist on the interfaces in the specimen. Hence, a TIESW-based method can be considered as an optical coherence biodosimeter, which is similar to the conventional OCE setup for soft tissue. 27, 28 The potential applications in the areas of soft material and biological sciences for general radiation exposure measurements are also promising.
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